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OBJECf IVE — To explore relationships among sleep disturbances, glucose tolerance, and 
pregnancy outcomes. 

RESEARCH DESIGN AND METHODS— Four validated sleep questionnaires were ad- 
ministered to 169 pregnant women at the time of 50-g oral glucose tolerance testing (OGTT) 
during the second trimester. Pregnancy outcomes were analyzed in 108 women with normal 
glucose tolerance (NGT). 

RESULTS — Of the participants, 41% had excessive daytime sleepiness (Epworth Sleepiness 
Scale [ESS] >8); 64% had poor sleep quality; 25% snored frequently; 29% had increased risk of 
sleep-disordered breathing (SDB); 52% experienced short sleep (SS); 19% had both increased 
SDB risk and SS (SDB/SS); and 14% had daytime dysfunction. Reported sleep duration inversely 
correlated with glucose values from 50-g OGTT (r = —0.21, P < 0.01). Each hour of reduced 
sleep time was associated with a 4% increase in glucose levels. Increased likelihood of gestational 
diabetes mellitus (GDM) was found in subjects with increased SDB risk (odds ratio 3.0 [95% CI 
1.2-7.4]), SS (2.4 [1.0-5.9]), SDB/SS (3.4 [1.3-8.7]), and frequent snoring (3.4 [1.3-8.8], after 
adjustment for BMI). Among NGT subjects, preterm delivery was more frequent in those with 
increased ESS (P = 0.02), poor sleep quality (P = 0.02), and SS (P = 0.03). Neonatal intensive care 
unit admissions were associated with increased ESS (P = 0.03), SDB/SS (P = 0.03), and daytime 
dysfunction (P < 0.01) in mothers. 

CONCLUSIONS — Pregnant women experience significant sleep disturbances that are asso- 
ciated with increased risk of GDM and unfavorable pregnancy outcomes. Pregnant women with 
increased SDB risk, frequent snoring, and sleep duration of <7 h/night have increased risk of 
developing GDM. 



Sleep-disordered breathing (SDB) is 
present in 24% of men and 9% of 
women in the U.S. population (1) 
and has been linked to insulin resistance 
and type 2 diabetes (2-5). Recent studies 
reveal that SDB is present in up to 86% 
of patients with type 2 diabetes (6,7). SDB 
severity has been associated with poorer 
glucose control (6). 

Decreases in both duration and quality 
of sleep are common in pregnant women 
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as a result of hormonal and physical factors 
(8,9). Collectively, these disorders have 
been termed pregnancy-associated sleep 
disorders by the International Classifica- 
tion of Sleep Disorders (10). 

Prospective studies show that SDB 
symptoms increase during pregnancy (11). 
SDB in pregnancy has been associated with 
preeclampsia, intrauterine growth retar- 
dation, and preterm delivery (12,13). A 
few recent studies using questionnaires 



that variably assess snoring, SDB symp- 
toms, and/or sleep duration report an as- 
sociation between short sleep (SS) and/or 
frequent snoring and glucose intolerance 
and gestational diabetes mellitus (GDM) 
(14-16). 

We used four validated sleep question- 
naires to obtain a comprehensive evalua- 
tion of sleep duration and quality and 
assess associations with glucose tolerance 
and pregnancy outcomes. 

RESEARCH DESIGN AND 
METHODS — Pregnant adult women 
scheduled to undergo a 50-g oral glucose 
tolerance test (OGTT) during the second 
trimester of gestation were invited to par- 
ticipate. Exclusion criteria were history of 
pre-GDM; sleep disorders; severe pulmo- 
nary, cardiac, or renal diseases; steroid 
use; substance abuse; current neurologic 
or psychiatric disorders; use of prescrip- 
tion or over-the-counter medications 
known to affect sleep or glucose metabo- 
lism; cigarette smoking; significant alco- 
hol or caffeine consumption; recent travel 
across time zones; and shift work. Written 
informed consent was obtained. The study 
was approved by the institutional review 
board of the University of Chicago. 

Age, ethnicity, prepregnancy BMI, 
current weight, height, and medical and 
family history were recorded. Subjects 
completed four standardized question- 
naires: the Epworth Sleepiness Scale (ESS), 
which assesses daytime somnolence (nor- 
mal score <8) (17); the Berlin Sleep Ques- 
tionnaire, which assesses SDB risk (18); the 
Pittsburgh Sleep Quality Index (PSQI) to 
assess sleep during the past month (nor- 
mal score ^5) (19); and the Nocturia, 
Nocturnal Enuresis, and Sleep-Interruption 
Questionnaire (20). 

Subjects with a 1-h glucose value 
< 140 mg/dL post 50-g glucose were con- 
sidered to have normal glucose tolerance 
(NGT). If the value was >140 mg/dL, 
they underwent a 100-g OGTT to for- 
mally confirm or exclude GDM (21). Sub- 
jects whose 1-h glucose value was &200 
mg/dL post 50-g glucose challenge were 
diagnosed as having GDM without fur- 
ther testing. 
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Pregnancy outcomes were extracted 
from delivery and postdelivery medical 
records, including birth weight, gesta- 
tional age at delivery, gestational hyper- 
tension, primary cesarean section, and 
admissions of the newborns to a neonatal 
intensive care unit (NICU). 

Statistical analysis 

Questionnaire data were compared be- 
tween groups using two-sided t tests and 
X 2 tests. Correlations between sleep pa- 
rameters and log-transformed glucose 
values were analyzed. Logistic regression 
was used to examine the relationship be- 
tween sleep parameters and pregnancy out- 
comes and to further analyze factors 
associated with GDM. Values are presented 
as mean ± SD unless otherwise noted. 
STATA Version 11 was used (StataCorp., 
College Station, TX). 

RESULTS 

Questionnaires 

A total of 169 women with a singleton 
pregnancy completed the four question- 
naires (Table 1). The majority of women 
(92%) reported that their sleep was inter- 
rupted, most commonly as a result of an 
urge to void (55%) or feeling thirsty (52%). 

Nearly two-thirds of the women (64%) 
had overall poor sleep quality as reflected 
by a PSQI >5 (mean of 7.4 ± 4.0), and 
41% reported excessive daytime sleepi- 
ness (ESS >8). A total of 48 women 



(29%) had increased SDB risk, and 41 
(25%) were frequent snorers (snore >3-4 
days per week). More than half of the 
women (52%) experienced SS (<7 
h/night), and 32 subjects (19%) had a 
combination of increased SDB risk and 
SS (SDB/SS). Daytime dysfunction was re- 
ported by 24 subjects (14%). Only 18% of 
the women had normal sleep-wake regula- 
tion with normal overall sleep quality 
(PSQI <5, ESS <8, and no SDB risk). 

Glucose tolerance 

Of the participants, 116 women (68%) 
had NGT based on the 50-g OGTT. Of 
those who failed the 50-g OGTT and un- 
derwent the 100-g OGTT, 26 (15%) met 
the criteria for GDM. A total of 27 women 
had an abnormal 50-g OGTT but a 100-g 
test that was not diagnostic of GDM. 

There was an inverse correlation be- 
tween sleep duration and 1-h glucose 
values post 50-g OGTT (r = -0.21, P < 
0.01) such that each hour of shorter sleep 
was associated with a 4% glucose in- 
crease. 

Compared with the NGT group, 
GDM subjects were older, had a higher 
prepregnancy BMI, and were more likely 
to have a family history of diabetes and a 
personal history of GDM (Table 1). The 
women were more likely to have GDM 
if they had an elevated SDB risk (odds 
ratio [OR] 3.0 [95% CI 1.2-7.4]; P = 0.02), 
if they reported frequent snoring (3.4 
[1.3-8.8]; P = 0.01 after BMI adjustment), 



if they experienced SS (2.4 [1.0-5.9]; P = 
0.06), and if they had the combination 
SDB/SS (3.4 [1.3-8.7]; P = 0.01). 

Pregnancy outcomes 

When compared with NGT women (n = 
108), GDM women (n = 26) had a higher 
prevalence of gestational hypertension 
(23 vs. 5%, P < 0.01), a higher fetal birth 
weight (3,666 ± 597 vs. 3,232 ± 413 g, 
P < 0.01), and more frequently had new- 
borns requiring NICU admission (46 vs. 
18%, P < 0.01). There were no significant 
differences in frequency of primary cesar- 
ean sections (17 vs. 32%, P = 0.16) or pre- 
term deliveries (12 vs. 12%, P = 1.00). 

Because of the relatively small num- 
bers of GDM subjects, we examined the 
association between pregnancy outcomes 
and sleep parameters in NGT subjects 
only. The risk of preterm delivery was 
increased in subjects with higher ESS (OR 
1.2 [95% CI 1.0-1.3]; P = 0.02), higher 
PSQI (1.2 [1.0-1.3]; P = 0.02), and SS 
(4.3 [1.1-16.7]; P = 0.03). In addition, 
there was a higher risk of NICU admission 
for newborns from mothers with elevated 
ESS (1.1 [1.0-1.3]; P = 0.03), SDB/SS (3.5 
[1.1-11.4]; P = 0.03), and from mothers 
who had reported daytime dysfunction 
(5.2 [1.7-15.6]; P< 0.01). 

There were no significant associations 
between sleep parameters and the risk of 
primary cesarean section, gestational hy- 
pertension, and birth weight among term 
infants. 



Table 1 — Baseline characteristics and questionnaire results 





All subjects 


NGT 


GDM 


P value 




(n = 169) 


(n= 116) 


(n = 26) 


(NGT vs. GDM) 


Age (years) 


28.5 ± 5.5 


27.4 ± 5.3 


30.1 ± 5.5 


0.03 


Gestational age (weeks) 


26.2 ± 4.4 


26.4 ± 3.5 


25.8 ± 6.6 


0.63 


BMI (kg/m 2 ) 


32.3 ± 8.3 


31.4 ± 8.3 


37.1 ± 8.4 


<0.01 


Prepregnancy BMI (kg/m 2 ) 


29.0 ± 8.3 


27.9 ± 8.0 


34.8 ± 8.7 


<0.01 


Family history of diabetes, n (%) 


50 (30) 


24 (21) 


15 (60) 


<0.01 


History of GDM, n (%) 


19(13) 


4(4) 


12 (50) 


<0.01 


1-h glucose (mg/dL) 


120.3 ± 41.4 


97.8 ± 20.2 


184.5 ± 39.6 


<0.01 


Interrupted sleep, n (%) 


156 (92) 


105 (91) 


25 (96) 


0.70 


ESS 


8.0 ± 4.6 


8.1 ± 4.6 


7.9 ± 4.0 


0.85 


ESS >8, n (%) 


69 (41) 


50 (44) 


11(42) 


0.89 


PSQI score 


7.4 ± 4.0 


7.4 ± 4.2 


7.7 ± 3.8 


0.75 


PSQI >5, n (%) 


107 (64) 


74 (64) 


18 (69) 


0.64 


Increased SDB risk, n (%) 


48 (29) 


31 (27) 


12 (52) 


0.02 


Frequent snorer, n (%) 


41 (25) 


25 (22) 


13 (54) 


0.01* 


SS, n (%) 


88 (52) 


56 (49) 


18 (69) 


0.06 


SDB/SS, n (%) 


32 (19) 


20 (17) 


10 (42) 


0.01 


Daytime dysfunction, n (%) 


24 (14) 


20 (17) 


1(4) 


0.12| 



Data are mean ± SD, unless otherwise indicated. P values are from t tests for continuous variables and \ 2 tests for categorical variables unless otherwise noted. *From 
logistic regression models with GDM status as the dependent variable; adjusted for BMI. tFisher exact test. 
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CONCLUSIONS— Our assessment of 
sleep disturbances in pregnancy using a 
set of four validated sleep questionnaires 
revealed that a majority of pregnant 
women experience significant sleep dis- 
turbances. Women who reported shorter 
sleep duration had a higher glucose re- 
sponse to a 50-g OGTT. Each hour of 
reduced sleep time was associated with a 
4% increase in glucose levels. In addition, 
specific sleep disturbances, including fre- 
quent snoring (after adjustment for BMI), 
increased SDB risk, SS, and a combination 
of increased SDB/SS, were associated 
with a significantly higher risk of devel- 
oping GDM. These findings are consistent 
with well-documented associations be- 
tween sleep disturbances and increased 
diabetes risk in nonpregnant populations. 
They confirm and greatly extend recent 
reports linking sleep disturbances during 
pregnancy and abnormal glucose toler- 
ance (14-16,22). 

SDB involves hypoxic stress, shallow 
and fragmented sleep, and reduced total 
sleep time. These abnormalities have been 
linked to insulin resistance and reduced 
glucose tolerance in nonpregnant popu- 
lations (3,4,23). It is likely that similar 
mechanisms are involved in the patho- 
genesis of GDM in pregnant women 
with sleep disturbances and/or SDB. 

We observed that sleep disturbances 
in pregnant women are associated with 
unfavorable outcomes, including preterm 
delivery and NICU admissions of the 
newborns. This result is in concordance 
with previous studies finding that self- 
reported symptoms or a diagnosis of SDB 
during pregnancy were associated with 
gestational hypertension, premature de- 
livery, increased rate of unplanned cesar- 
ean sections, and possibly intrauterine 
growth retardation (13,14,22,24). Several 
underlying mechanisms have been pro- 
posed, including altered uteroplacental 
blood flow, increased levels of oxidative 
stress and proinflammatory cytokines 
(tumor necrosis factor-a and interleu- 
kin-6), increased sympathetic activation, 
peripheral vasoconstriction, and endo- 
thelial dysfunction (24,25). 

Further studies are needed to charac- 
terize the impact of sleep disturbances on 
glucose tolerance and pregnancy out- 
comes and to explore the potential bene- 
fits of optimizing sleep duration and 
quality during pregnancy. 
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